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The Director’s Letter 


Dear Member: 
group. If this be true we would expect to 
Sixteen Years of Work find an overlapping, with certain cycles 

Within a day or two of the time this of the same wave length common to many 
report is due to reach you, I shall have different series of figures; and this is 
completed sixteen years devoted almost exactly what we do seem to find. 
exclusively to the study of rhythmic Many Ditiarentitvetre 
cycles. 

As a result of this effort I have Implicit in the concept outlined above 
learned a little something about how to is the idea of the concurrent presence of 
detect and isolate rhythms, and a little many different cyclic forces with wave 
something more (but not very much) about lengths very close to each other—how 
the rhythms that exist in natural and so- close we do not know yet. At first this 
cial phenomena. On the other hand, I do may seem odd, but it is really no stranger 
not feel that as yet I know for certain than the fact that on a clear bright sunny 
the exact wave length of even one single day all of our surrounding space is filled 
cycle, or that I have more than a first at one and the same time with yellow 
crude approximation of the law that may light, green light, blue light, and red 
determine what cyclic forces can or can light, and with hundreds of gradations and 
not exist. combinations of each, as we can see by ob- 


serving the different sorts of light re- 


Convinced of Significanca of Cycles 
: , flected by different sorts of objects. 


As a result of my sixteen years of 
work, however, I am more than ever con- 
vinced that the rhythms that have been 


Real Cycles Combine to Create False Ones 


discovered are the result of rhythmic A simple diagram (Fig. ] on the next 
environmental forces acting upon all page) will show you that the combination 
living things including man, acting upon of two recurring cycles of different, but 
climate, and acting upon the earth itself. not too different, wave lengths and of more 
I conjecture that just as we are bathed or less equal strength, will result in a 
in a sea of light waves of very short wave rhythm which, for a while, will show a 
length, we may also be bathed in a sea of false length half way between the lengths 
energy waves of longer length, undis- of the causative cycles. This “false’”’ 
coverable except as disclosed by resultant rhythm will eventually fade out. Subse- 
behavior. Moreover, I conjecture that just quently it will reappear, but upside down. 
as a certain object will respond to light In the paragraph above J put “false” in 
waves of one group of wave lengths (color), quotes because the rhythm is not really 
and other objects will respond to light talse./It-is perfectly real~while at 
waves of another group of wave lengths, so lasts. It is false merely in the sense 
also certain phenomena will respond to one that it will not continue permanently in 


group of these longer energy waves and its present form. 
other phenomena will respond to another As an example of what I have been 
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DIAGRAMMED BY A BROKEN Z1IGZAG LINE. 
GRADUALLY FADES OUT. 


Ss ea gh arp Poe 


saying, if you observe the combined effect 
of 15- and 16-month rhythmic forces of more 
or less equal intensity you will not be 
able, by inspection, to distinguish either 
cycle separately. You will observe merely 
a 15%-month behavior which will vanish and 
then reappear with crests where a projec- 
tion of the ideal 15%-month pattern called 
for troughs and vice versa. 

Now mark the converse of these observa- 
tions applied to some particular behavior 
in which you are interested and which you 
would like to predict—let us say the 
stock market. 


What You Must Expect to Find 


First of all you must expect to find 
many, many rhythmic cycles in these fig- 
ures (and you do). 

Second, to obtain a projection that 
will be of practical use you must take at 
least a substantial number of these compo- 
nent rhythms into account, unless the 
series of figures with which you are 
dealing is dominated by a single cycle, as 
sometimes happens. 

Third, you must expect that many of the 
observed rhythms will vanish, sooner or 
later, whether you go forward in time or 
backward, unless by rare chance the rhythm 
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you see is not the composite effect of two 
or more closely related rhythmic forces, 
but is caused by a single rhythmic force- 

You know how rare it is in nature to see 
an absolutely pure color of a single wave 


length. ‘*t is the same with the cycles 
measured in days, weeks, months, and years, 
also. 


The G-Year Cycle 


For example, the so-called six-year 
cycle, which-has been coming true so beau- 
tifully since it was first discovered in 
1937, more or less fades out as we go back 
of 1890. Presumably it will fade out in 
the future too, some cycles hence. If you 
read an article I wrote on the 4-year cycle 
which was published in the Winter 195]--5?2 
Journal of Cycle Research you may remember 
that I said in that paper that the so 
called 6-year cycle in cotton prices 
seemed to be complex of four cycles-- 
9.975, 5.91, 6.11, and 6.45 years in length 
respectively. Seemingly it is the inter- 


play of these four cyclic tendencies, just 
happening, at the present time, to be more 
in step with each other than not, that 


creates, temporarily, the 6-year pattern in 
cotton prices, and in other things as well. 
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1 CURVE A. A PERFECTLY REGULAR 16-MONTH CYCLE REPEATED 15 TIMES. 
Curve B. A PERFECTLY REGULAR 15-MONTH CYCLE REPEATED 16 TIMES. 
Curve C. THE SYNTHESIS OR COMBINATION OF CURVE A AND B TOGETHER WITH A PERFECTLY REGULAR 15-MONTH CYCLE 


NOTE THAT THE COMBINED EFFECT OF CYCLES A AND BUS A 15$-MONTH CYCLE WHICH 
IT THEN REAPPEARS UPSIDE DOWN IN RELATION TO THE 15 -MONTH PATTERN. 


CY CES 


The Task Ahead 

Thus, in recurring cycles, as in almost 
everything else, something deeply hidden 
lies behind things. To find these deeply 
hidden underlying truths takes a great 
deal of slow patient probing. The neces 
sary research is being carried on and 
reported upon as fast as resources permit. 


One Way You Can Help 


Our progress is steady, but I am impa- 
tient at its rate. Perhaps you feel the 
same way. If so, and if you are in a posi- 
tion to influence the actions of some cor- 
poration, you could be of real help both 
to the corporation and to the science of 
cycle research if you could induce the 
corporation to employ us to make some 
cycle studies for them. If, hopefully, the 
corporation 1s in the excess profit brac- 
ket, the expenditure during 1952 of $15,000 
for research in regard to the behavior of 
their sales or of the prices of their pro- 
duct or of some important raw material 
would cost them only 2,700. This sum is 
peanuts for something that has even a 
remote possibility of usefulness. Of 
course the corporation executives might 
not wish to employ an outside agency. They 
might wish to conduct the research within 
their own organization. Self-conducted 
research has definite advantages. If their 
thoughts run along these lines they could 
send their statistician (perhaps you) to 
Foundation Headquarters so that he could 
do the work himself with our cooperation. 
(I would not however advise anyone to at- 
tempt a serious cycle analysis without 
first learning all that could be learned 
from concentrated study here. ) 


* * * 


Error in the September Report 


In connection with discovering the laws 
of cycle ljength, I would like to call at- 
tention to an error in our September 1952 
report. The cycle lengths referred to in 
the article ‘Order out of Chaos” on pages 
236-9 are lengths in y e a r gs, not months 
as stated on pages 237, 238, and 239. 
Also, the formula on page 239 should be 
N“/49, not N2/44. If you keep back copies 
please correct these pages now while you 
think of it. 
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* * * 


The Journal of Cycle Research 


In the Director’s letter for September 
1952 I teld you that we were planning to 
print the Journal of Cycle Research as a 
supplement to Cycles--A Monthly Report. In 
accordance with that plan, we did print 
the fall Journa! as part of the November 
report and, until half an hour ago, had 
planned to print the winter Journal as 
part of the February report, the spring 
Journal as part of the April report and so 
on. 

The Journal was created to serve as a 
clearinghouse for the scientists. If it is 
to maintain its standing in the scientific 
world, it must be written solely for 
scientists. The editor must be free to 
select and arrange material with no thought 
except the needs of the scientists for whom 
the publication is intended, regardless of 
how dull it might be for the general 
readers or how long the material might 
happen to be. 

On the other hand, in the monthly report 
we must try to keep the material interest- 
ing and timely and, as far as possible, 
practical. Moreover, there are space 
limitations we must observe because of 
expense. 

For example, for the winter Journal Dr. 
Wing wanted to publish a 36 page article 
on cycles in lynx abundance. IJ said “We 
can’t afford to reprint as many pages as 
that in Cycles, and, even if we could, 
our -readérs: don’t want as big a dose 
of lynx as that anyway. Eight or ten pages 
perhaps, but 36 pages, no.’’ Now this 
attitude is good from the standpoint of 
our contributing members, but it is 
certainly bad from the standpoint of the 
scientist who wants and needs the 36 page 
lynx article. And the Journal was created 
for him. 

IT now see that it 1s as incongruous for 
us to reprint the Journal entire as it 
would be for Tima Magazine for example to 
copy verbatum in their medical section an 
original report from some medical journal. 
And as Time would do it, we shall use the 
meat of the Journal's technical articles as 
news for you 1n the monthly report. 

Therefore, with your permission, I would 
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like to renege on the promise to reprint 
the Journal entire, and to print for you 
in Cycles only such articles or parts of 
articles as I believe you would find of 
interest and value. 

For example, in the present report I am 
reprinting an ]&-page article from the 
winter Journal. Other articles from other 
Journals will be reprinted from time to 
time whenever I feel that the subject 
matter will be of interest to you, but in 
the future when we put the Journal together 
we are going to be thinking entirely of 
the needs of the scientists. 

If you contributed money to the Founda- 
tion because of my promise to reprint the 
Journal entire, just let me know and I 
will send you the Journal free during the 
term of your current membership. Or, if 
this is not the case, but you wish to get 
the entire Journal anyway as well as the 
reports you can, of course, subscribe for 
the Journal separately. 

* * * * * * 


A Primer for Cycle Students 


More than anything else I get requests 
tor a textbook to tell how to analyze a 
series of figures for cycles. Someday I 
hope to write such a book. In the meantime, 
if you are interested in this aspect of the 
subject, you wil] have to pick up what you 
can from articles in these monthly reports, 
and elsewhere. 

In this connection I am reprinting for 
you from the Journal of Cycle Research an 
article about the cycles in rayon produc- 
tion which should be of considerable help. 
ProbaLly you do not give two hoots about 
rayon production. But no matter. The 
processes and techniques of cycle analysis 
are the same, be it rayon, or sales of 
locomotives, or the price of tin, or the 
fluctuations of General Motors. 

TI commend this article to all of you who 
are technically minded. It shows you just 
how a cycle analysis is made, complete with 
working charts and arithmetic. It original- 


ly sold for #100 a copy. It was intended to 
enable rayon producers to throw light on 
the probabilities of the future for their 
industry. 

I hope you will find the article helpful 
in making studies of your own and in under- 
standing better studies of this sort made 
by others. 


* * * 


Stock Market Studies Resumed 


In the next report I am resuming for 
you the series of studies in regard to 
cycles in the stock market started some 
time ago. After a while we will be far 
enough along with these separate studies 
to combine some of the discovered cycles 
and project the composite into the future 
as a first approximation of probable 
future behavior. 

* * * 


Predix Charts to be Published 


If you were a member last spring you 
may recall my comments in regard to an 
elaborate cycle analysis of stock market 
prices made by Mr. Vedder Hughey of Coral 
Gables, Florida, and published under the 
pseudonym of Predix. If you bought a set of 
these Predix charts trom Mr. Hughey I am 
sure you are gratified, as J am, at the 
extent to which the market behavior since 
June has conformed to the Predix projec- 
tions. 

If you did not buy Mr. Hughey’s charts 
and are interested in the market you will 
be glad to know that Mr. Hughey has given 
me permission to reproduce his charts in 
our March, April and May reports. I plan to 
reproduce the plates of Mr. Hughey’s long 
term cycles in the March report, the plates 
of his intermediate term cycles in the 
April report and the plates of his short- 
term cycles in the May report. I am sure 
you will want to see Mr. Hughey’s projec- 
tions and watch how they work out in the 
future. 


Cordially yours, 


SEL LOIR: 


Director 


TRENDS AND CYCLES IN THE PRODUCTION OF RAYON’ 


A STUDY OF VISCOSE** 


FILAMENT YARN PRODUCTION 


IN THE UNITED STATES, 1911--1948 
By Edward R. Dewey 


Summary: This paper describes the successive isolation of @-year, 2 3/4-year, 


3 1/2-year, and 5-year cycles in 


the production of viscose rayon filament yarn, 1911-1949. It adjusts the figures for these cycles to obtain an 


approximation of the underlying growth trend. 


cycle analysis. It includes all arithmetic so that 


easily. 


Part I. The Data 


The growth of viscose** rayon filament yarn produc- 
tion from its beginning in 191] to the present time 
has been called one of the seven wonders of the indus- 
trial world. 7 

During the entire period under review, production 
failed to increase only four years (1918, 1932, 1934, 
and 1938). The over-all growth from 400,000 pounds in 
1911 to 562,300,000 pounds in 1948 shows a gain of over 
a thousandfold in less than two generations. Year-by- 
year figures are given in Table 1] and plotted on arith- 
metic scale in Figure 1. 


Rate of Growth Declining 


If we study trends and cycles, however, 1t is neces- 
sary to plot the figures on ratio (or semi-logarithmic) 
scale (Figure 2).*** One advantage of such a plotting 
is that it shows directly the falling-off in the rate 
of growth, and permits making visual or freehand pro- 
jections into the future that are much more likely to 
be reliable than would be any similar projection of a 
chart on ordinary arithmetic scale. 

The growth of viscose rayon filament yarn produc- 
tion over the years has been dramatic, yet the fact 
that the curve no longer rises as rapidly as formerly 
demonstrates immediately that the rate of growth is 
slowing down. 

Percentage comparisons substantiate this. From 1946 
to 1947, for example, the production increased 6.9 
percent. But from 1936 to 1937 production increased 
10.8 percent; from 1926 to 1927, 17.1 percent; from 
1919 to 1920, 22.0 percent; and from 1913 to 1914, 33.3 
percent. (Percentage growth for each year, in compari- 
son with the year before, is shown in Table 2.) It 
would be interesting to make a detailed study of the 
growth, but this is impossible until we have studied 
the cycles. Underlying growth trends can never be pro- 
perly studied until the cycles have been determined 
and adjustments made to take account of them. 


* BASED UPON A REPORT PREPARED IN MIMEOGRAPH FORM BY 
THE FOUNDATION FOR THE STUDY OF CYCLES IN 1949. 

** WHENEVER THE WORD ““VISCOSE’ APPEARS IN THIS REPORT 
1T 1S UNDERSTOOD TO INCLUDE NITROCELLULOSE PROCESS 
RAYON YARN UNTIL ITS PRODUCTION WAS DISCONTINUED IN 
1934, AND ALSO TO INCLUDE THE PRODUCTION oF CUPRAMMON! UM 
FILAMENT YARN FROM ITS FIRST PRODUCTION Tu DATE. 

*** FoR A FULL DISCUSSION OF THE RATIO SCALE, MOVING 
AVERAGES, TRENDS. AND CYCLES, SEE REFERENCES 2 AND 335 

1 THIS REFERENCE AND ALL OTHERS ARE INCLUDED AT THE 
END OF THE REPORT 


A3 


It projects the cycles into the future and coimbinesthem to show 
the deviation from trend that will occur if the cycles continue. The paper is intended as an example 
the processes of 


of a simple 
analysis and synthesis can be followed 


Four Cycles in Rayon Production 


If the rayon figures are analysed for cycles or 
rhythms, it will be found that from the beginning the 
figures act as if the trend had been influenced by four 
well-known rhythmic forces. From crest to crest, one 
of these series of repetitive waves is about 2 years 
long, one is about 2 3/4 years long, another is about 
3 1/2 years long, and still another is about 6 years 
long. In a sense the curve acts as if it were pushed 
up and down around the underlying growth trend by the 
composite force of these four rhythmic influences, and 
of course, by accidental forces, such as war. 


Part II. The 2-Year Rhythm 


Careful observation of Figure 2 shows that from the 
beginning there has been a tendency for growth to be 
greater in odd than in even years. For example: start 
in 1939 and count backwards: High, low; high, low; 
high (relative to trend), low; and so forth. This 
rhythmic tendency can be more easily seen if we insert 
a moving average trend line (shown by the broken line 
in Figure 2) and observe the years in which the pro- 
duction is over or under the trend. Figures for the 
moving average trend are given in Table 3. 


Relation of Production Figures to 2-Year Trend 


The 2-year rhythm can be seen even more easily if 
we compute the percentages that the actual figures are 
of the trend and plot them by themselves. Observe the 
solid line in Figure 3: the effect of this computation 
is to convert the trend into a straight horizontal 
line or, as it were, to pull it level. Figures for the 
percentages are given in Table 4. 

To Figure 3 has been added, by means of a broken 
line, a perfectly regular 2-year wave to help follow 
the 2-year pattern and to help disclose those places 
where the 2-year wave has failed to dominate the situa- 
tion. Up to the war there were three such places: pro- 
duction in 1916 was ‘‘too big,” and in 1921 and 1927 
“too little.’’? If in those three years, other factors 
had not upset the 2-year pattern, the 2-year pattern 
would have been perfect from 191] up to the war. The 
2-year rhythm largely disappeared with the coming of 
the war, but even so there seems to be a vestige of it 
left. 


The broken line in Figure 2 is a two-year moving 
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THE 2 3/4-YEAR RHYTHM IN THE PRODUCTION OF VISCOSE RAYON FILAMENT YARN 


Percentages that the Production of Visco 
se Rayon File- 
ment Yarn, Adjusted for the Effects of the 2-Year, 
3 1/2-Year and 6-Year Rhythms, Are of the 3-Year 
Moving Average of the Same. 


average of a 2-year moving average. The effect of such 
a computation is to eliminate any 9-year wave that 
might be present in the original figures,3 Then, by 
comparing the original figures (which have the 2-year 
wave still in them) with the trend (from which the 
2-year waves have been smoothed out) we get the figures 
plotted in Figure 3, in which the 2-year wave can be 
seen largely by itself. 

A rhythm of about 2 years is present in many indus- 
trial figures, and has also been reported in weather 
and other natural phenomena.4 As yet, no one knows its 
cause, but this fact does not prevent use of this in- 
formation. 


Amplitude of the 2-Year Wave 


From 1912 to World War II the average over-all 
amplitude of the 2-year wave was 7.6 percent. From 
1940 through 1947 it was 0.6 percent. (For details of 
computation, see Table 5.) If, in future years, the 2- 
year tendency resumes with its old-time vigor-(For 
after a distortion, or artificial damping, these waves 
generally do) important differences in alternate years 
owing to this 2-year force can be expected. 


------- Diagrammatic Representation of a Perfectl 
y Regular 
Rhythm with Peaks at 3-, 5-, 3-, 2-Year Inter- 


vals, "ased on 1911 and Repeating Every ll 
Years. 


Length of the 2-Year Wave 


From a study of the annualfigures alone it. is impos- 
sible to say whether or not the wave is exactly 2 years 
in length. A study of monthly figures of viscose rayon 
deliveries, 1923 to 1936 inclusive, however, indicates 
that the series has a rhythm of about 24 1/4 months.° 
It is possible that a similar study of monthly figures 
of viscose filament yarn production from 191] to 1948 
would show a rhythm of similar length. 

If, in any series, the peaks of the 2-year rhythm 
come in the middle of even years, or vice versa, the 
wave will show up clearly in the annual figures. If, 
on the other hand, the crests and troughs come at year- 
end, the annual figures will show nothing, even though 
the wave is still fully operative. (See Figure 4.) 

If the rhythm really is 24 1/4 months, it will thus 
gradually fade out of the annual averages, even though 
it remains in full force in the monthly figures. It 
will‘‘slip’’forward one month every four cycles (eight 
years), and move forward six months from a position of 
maximum effect on the annual figures to one of no ef- 
fect at all on the annual figures in six times eight, 


Figure 4, DIAGRAMMATIC REPRESENTATION OF A 2-YEAR WAVE 
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A. Annual Effect When Peaks Come at the 
Middle of a Year; Yearly Averages 
for Pirst and Second Year Differ. 
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B. Annual Effect When Peaks Come at the 
End of a Year: Yearly Averages 
for First and Second Years Are the 
Same. 
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or forty-eight, years. For accurate forecasting, there- 
fore, a study of the monthly figures is important. 


Part III. The 3 1/2-Year Rhythm 


The 3 1/2-year wave can be detected statistically in 
the original figures and even by a trained eye in 
Figure 2 (a chart of the “ raw’’ production figures 
plotted on ratio ruling). But it will appear more 
clearly after the elimination of the effect of the 
2-year wave. This has been done by increasing the pro- 
duction figures for every even year from 191] to 1939 
by 3.8 percent (half of 7.6 percent) and decreasing the 
production for every odd year during the period by the 
same amount. Similarly we increase even-numbered war 
and post-war years from 1940 to 1948 by 0.3 percent, 
and decrease odd-numbered years during this period by 
a like percentage. The result is recorded in Table 6 
and plotted on ratio scale in Figure 5 by a solid line. 


Emergence of 3 1/2-Year Wave 


Starting with 1937 as a peak year and counting 
backwards, indicates highs relative to trend at 4-, 3-, 
4-, 3-, 4-, 3-year intervals. 

It will be easier to follow the technique outlined 
in Part II, however, and to compute a 3-year moving 
average trend of these corrected figures (Table 7), 
thus plotted as a broken line on Figure 5. The percen- 
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tages which the values of the solid line bear to this 
moving average are shown in Table 8 and Figure 6. The 
A4-, 3-, 4-, 3-year tendency is clearly evident. 

It seems probable that this average 3 1/2-year wave 
is the well-established 41-month rhythm so universal 
in American industry.” Jt has been found in more than 
half of some 500 price and production series that have 
been studied by various investigators.2 This assump- 
tion of a 4]-month length in this series should, be 
checked by a study of the monthly figures. Such a study 
would involve at least twice the work of the present 
investigation, however and is not within the scope of 
the present report. 


Seven-Year Phase 


A moment’s reflection will show that if a perfectly 
regular 3 1/2-year wave exists it will be seven years 
before it will again come around to the same phase 
relationship with the calendar year. This fact is 
illustrated by Figure 7. Percentages up to World War 
II, therefore, were thrown into a seven-year periodic 
table (Table 9), which table represents the 3 1/2-year 
wave listed twice. An average (mean or median) of those 
values represents the average successive annual effect 
of the 3 1/2-year wave. 

I see no evidence of the 3 1/2-year waves from 1940 
to 1948, but arbitrarily assume that they are present 
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PRODUCTION OF VISCOSE RAYON FILAMENT YARN ADJUSTED FOR THE EFFECT 
OF A PERFECTLY REGULAR 2-YEAR RHYTHM WITH PEAKS IN ODD YEARS 
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Figure 5 


(Ratio Scale) 


Production Adjusted for the Effect of the 
2-Year Rhythm (See Table 6 for figures) 


Centered 4-Year Moving Average of the Same 
(See Table 7 for figures) 
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at 1/10 of their average 1911-1937 amplitudes. In Part 
IV will appear the justification for this assumption. 


Adjustment for Distortions 


There are, however, two slight distortions in this 
picture. First, a smal] amount of a 3 1/2-year wave re- 
mains in a 3-year moving average. Hence, the deviations 
from a moving average of this length will not show the 
full effect of the wave. That is, the true amplitude 
of the 3 1/2-year wave is slightly greater than that 
shown in the percentages used. The figures can be ad- 
justed for this distortion by increasing all amplitudes 
by 13 percent, as shown on Figure 6 by means of a 
broken line. 

The second distortion comes from the fact that we 
are probably dealing here with a 4]- instead of a 
42-month (3 1/2-year) rhythm. If this is so, the crests 
will slip back a month every cycle, two months every 
seven years. Thus, a crest that came in Decemler in 
1911 would come two months earlier, or in October, in 
1918, in August in 1995, in June of 1932 and April of 
1939. The averages we have constructed will fit well 
enough for the middle portion of our data, but will be 
slightly in error toward the ends, and particularly 
will be out of timing on any projection. 

This slippage is not too important in the broad 
picture, yet if the projections are to be used as a 
basis for action, the real answer is to do the entire 
study over, using monthly figures. I recommend that 
this be done by anyone who plans to spend any money on 
the basis of this work. 

The combined effect of the 2-year rhythm and the 
3 ]/2-year rhythm from 1911] to 1948 is shown in Table 
10 and Chart &. 


Part IV. The 6-Year Rhythm 


A skilled eye, even though knowing where to look, 
could hardly pick out the 6-year rhythm in the raw 
figures of viscose rayon filament yarn production from 
191] to 1948 plotted in Figure 2. Nevertheless it can 
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be seen in the 2-year moving averages plotted by a 
broken line (Figure 2). 

By proceeding as before, the figures are adjusted 
for the 2-year wave (Figure 5) and for the 3 1/2-year 
wave shown in Figure 6. The adjusted figures are 
given in Table 1] and plotted in Figure 9. The 6-year 
wave 1s now easily observable (counting from low to low 
backward from 1938). 

Following earlier procedures, I took a 2-year moving 
average of a 6-year moving average (Table 12) and 
plotted the results as a broken line in Figure 9. I 
then computed the percentages that the adjusted values 
are of the moving average (Table 13) and plotted ther 
results in Figure 10. 

Averaging successive 4-year sections obtains the 
values of the typical or average pre-war 6-year wave 
as shown in Table 14. It is shown to have an over-all 
amplitude of 24 percent. These values are fitted or 
idealized and plotted as a broken line in Figure 10. A 
wave for the war and post-war years is added (arbitra- 
rily) at 1/6 the value of the regular 1911-1939 6-year 
wave. Justification for this assumption will also 
appear in the parts which follow. 

The combined effect of the 2-year, the 3 ]1/2-year 
and the 6-year rhythms from 191] to 1948 is shown in 
Table 15 and plotted on Figure 1]. 


Six-Year Rhythm Well Established 


The 2-year rhythm and the 4]-month rhythm are so 
well-known and have been described so fully in print 
by various authors* that I have not taken space to dis- 
cuss them. The 6-year rhythm is even better estab- 
lished, but not so much has been printed about it. 

It has been found to be present for as far back as 
there are figures in cotton prices (218 years), sun- 
spots with alternate cycles reversed (198 years), auto- 
mobile production (55 years), orders received by 
General Electric Company (55 years), and in dozens of 
other series of natural science and business figures, 
one of them extending over as long a period as 1,200 
years (tree rings on the average in each 181 years). 
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Figure 6 


THE 3-1/2-YEAR RHYTHM IN ‘tHE PRODUCTION OF VISCOSE RAYON FILAMENT YARN 


Percentages that the Production of Viscose Ray on 
lsat Yarn, Adjusted for the iffect of the 
2-Year Wave, Are of the Centered 5-Year Moving 
Average of the Same (See Table 8 for figures) 
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Diagrammatio Representation of a Perfeotly Regu- 
lar Rhythm with Peaks at 5-, 4-, 5-, 4-Year 
Intervals (See Yabie 9 for figures) 
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Part V. The 2 3/4-Year Rhythm 


The data of Figure 9 have been adjusted for the 
idealized 6-year wave, as plotted with a broken line 
on Figure 10 and made symmetrical by using the 100 per- 
cent line as an axis. This is done by using values 12 
percent above and 12 percent below trend instead of 
values 9 percent above and 15 percent below a line of 
constant value (Table 16). This procedure prevents 
distorting the level of the trend line. It results in 
the values that are plotted with a solid line in Figure 
Wy. 

The residual shows clearly (as a minor distortion 


Pigure 7 
DIAGRAMMATIC REPRESENTATION OF TWO 3-1/2-YEAR WAVES 


1 2 3 4 5 
Years from Base 


The diagram shows that it takes seven years 
for the wave to come around again to the. 
place of beginning, relative to the cal- 
endar year. 
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of the smooth underlying growth trend) a fluctuation 
that is probably the well-known* 33-month, or 2 3/4- 
year, (‘‘retail”) rhythm, more precisely determined in 
some series to be 32.85 months in length. The peaks 
relative to them may be noted by counting backwards, 
34 -32,023 1226-3503, e8te3e6 23. bee andsee ti rommicdor 
Obviously, the existence and length of this fourth 
rhythm needs to be confirmed by a study of the monthly 
figures. Yet it may be identified in the annual data. 
To reveal it, I computed a 3-year moving average of 
the data shown in Figure 12 (Table 17 and Figure 12, 
broken line). Then I computed the percentages that 
these figures are of the moving averages (Table 18). 
These percentages are plotted in Figure 13, together 
with a perfectly regular 3-, 3-, 3-, 2-year pattern. 


Amplitude of the 2 3/4-Year Wave 


Assuming that 2 3/4 years is the correct length, I 
threw these percentages into a 2 3/4-year periodic 
table as shown in Table 19. The table gives (a) the 
pre-war and (b) the war and post-war values shown at 
the bottom of the table. In pre-war years, the over-all] 
amplitude was 8.1] percent but in war and post-war 
years, 1.1] percent. The percentages so obtained, how- 
ever, need to be reduced by 8 percent (to adjust for 
loss in the moving average, which is 9 percent longer 
than the wave). 


Emergence of the Trend 


After the values shown in Figure ]2 have been ad- 
* SEE REFERENCE 2. 10: 
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THE 2-YEAR RHYTHM AND THE 3-1/2-YEAR RHYTHM AND THEIR SYNTHESIS 
(See Table 10 for figures) 
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Figure 9 


10 PRODUCTION OF VISCOSE RAYON FILAMENT YARN ADJUSTED FOR THE EFFECT 
OF A PERFECTLY REGULAR 2-YEAR RHYTHM, FURTHER ADJUSTZD FOR 
THE EFFECT OF A PERFECTLY REGULAR 3-1/2-YEAR RHYTHM = = 2 8 +i+i4-+ 
(RatiorSoale:;))\ |) ee ee ene 
Production Adjusted for the Effect of the 
2-Year Rhythm and the 3-1/2-Year Rhythm Ae ae 
(See Table 11 for figures) 
1 Ae EE EE eee --- Centered 6-Year Moving Average of the Same 
(See Table 12 for figures) 
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THE 6-YEAR RHYTHM DY THE PRODUCTION OF VISCOSE RAYON *ILAMENT YARN 


Percentages that the Production of Viscose Rayon Diagrammatic Representation of a Terfectly Negu- 
Filament Yarn, Adjusted for the Effect of the lar 6-Year Rhythm (See Table 14 for figures) 
2-Year and 3 1/2-Year Rhythms, Are of the Cen- 
tered 6-Year Moving Average of the Same (See 


Table 13 for figures) 
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THE 2-YEAR, 35 1/2-YRAR AND 6-YEAR RHYTHMS AND THEIR SYNTHESIS 
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Figure 12 


PRODUCTION OF VISCOSE RAYON FILAMENT YARN ADJUSTED FOR THE EFFECT 
OF PERFECTLY REGULAR 2-YEAR, 3-1/2-YEAR AND 6-YEAR RHYTHMS 


(Ratio Scale) 


Production Adjusted for the Effect of the 
2-Year, 3-1/2-Year and 6-Year Rhythms 
(See Table 16 for figures) 


---------- A Compound Trend Line Based on a 3-Year 
Moving Average of the Same (See Table 17 
for figures) 
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justed for the values indicated in Table 19, it gives 
an approximation of the underlying growth trend, to- 
gether with all the accidental fluctuations that may 
be present in the series. Smoothing this series graphi- 
cally to eliminate the accidental fluctuations gives 
the values recorded in Table 20 and plotted on Figure 
14. After adjusting the data for perfectly regular 
2-year, 3 1/2-year, 6-year, and 2 3/4-year waves of 
well-known length, we get as a result an almost per- 
fectly smooth underlying growth trend line. This gives 
increased confidence in the wave determinations and in 
the validity of the results. In addition, it would seem 
to justify the assumption made in regard to war and 
post-war amplitudes. 


Part VI. The Underlying Growth Trend 


The underlying growth trend shows what appaar to be 
three distinct periods, or stages. By 1918 all growth 
of the first stage appears to have ceased, Lut by 19]9 
a rebirth occurred that continued into 1939. By this 
latter year, growth again almost ceased In 1940 there 
is again evidence of a rebirth that has carried the 
curve upward through 1948. 


Rate of Growth Decreasing 


Underlying growth from 1939 to 1945 averaged about 
12 percent, but, as nearly as I can estimate it with 
the use of annual figures, the underlying growth trend 
from 1945 to 1946 was about 10 percent; from 1946 to 
1947, 8 percent; and from 1947 to 1948, 6 percent. The 
important thing is that the drastic falling-off in rate 
of growth since 1945 is a definite fact that must be 
taken into account by all who wish to forecast this 
series. 


Part VII. Synthesis 


The values of all the waves from 191] to 1948 are 
shown in Table 2] and Figure 15. The table and figure 
also show the product (synthesis) of these four waves. 
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How to combine the four waves is obvious to a stat- 
istician, but may not be so readily understood by 
others, though it is relatively simple. In 191], for 
example, the 2-year wave had a force of value of 103.8 
percent; that is, it was “responsible” for production 
of 3.8 percent above trend. In the same year (1911) the 
other waves had the forces or values indicated as fol- 
lows: 

The 3 1/2-year wave had a value of 92.3 percent. 

The 2 3/4-year wave had a value of 104.1 percent. 

The 6-year wave had a value of 107.5 percent. 

To get the combined effect of the waves, we must 
multiply 103.8 percent by 92.3 percent, and multiply 
the product by 104.1] percent, and multiply that product 
by 107.5 percent. The answer is 107.2 percent, which 
represents the combined effect of the four waves for 
the year 1911. In a similar manner, the synthesis has 
been made for each year. It is plotted as the fifth 
curve on Figure 15, 


Synthesis of Waves with Trend 


To synthesize the waves with the trend, I took each 
value of the underlying growth trend and multiplied it 
by the combined effect of the 2-, 2 3/4-, 3 1/2-, and 
6-year waves as shown in Table 2] and plotted on Fig- 
ure 15. This may be compared to the original curve with 
which we started as shown in Figure 16. This shows the 
extent to which the four perfectly regular and well- 
known cycles, and also what we have called the “under- 
lying growth trend,” collectively explain the growth 
and fluctuations of the viscose rayon filament yarn 
industry. 


Part VIII. Projection 


If the 2-year, 2 3/4-year, 3 1/2-year and 6-year 
rhythms remain as they seem to have been since 1940, 
their combined effect from 1949 to 1960 will approxi- 
mate the figures given in Table 22, Part A, and 
plotted on Figure 17, Part A. If they resume 1911-1939 
strength, however, the expected combined effect will 
be as shown in Table 22, Part B, and plotted on Figure 
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Figure 3 
THE 2-YEAR RHYTHM IN THE PRODUCTION OF VISCOSE RAYON FILAMENT YARN 
Percentages that the Production of Viscose Rayon -----~-Dlagrammtic Representation of a rerfectly Regular 


Filament Yarn Are of the Centered 2-Year Moving 2-Year Rhythm (See "able 5 for figures) 
Averare of the Same (See Table 4 for firures) 
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PRODUCTION OF VISCOSE RAYON FILAIENT YARN ADJUSTED FOR THE EFFECT 
OF PERFECTLY REGULAR 2-YEAR, 2-3/4-YEAR, 3-1/2-YEAR AND 6-YEAR 
RHYTHMS, TOGETHER WITH THE UNDERLYING GROWTH TREND 
(Ratio Scale) 
Production Adjusted for the Effect of the a 
2-Year, 2-3/4-Year, 3-1/2-Year and 6-Year 
Rhythms (See Table 20 for figures) 
Underlying Growth Trend (See Table 20 for 
figures 
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17, Part B. It is a simple matter of arithmetic to 
extend either of these syntheses as far into the future 
as one wishes. 

Both of these projections are based on 2-year, 
2 3/4-year, and 3 1/2-year lengths instead of the more 
probable 24 1/4-month, 32.85-month and 41-month 
lengths. It is not possible, however, ‘tod try‘to be 
more exact with annual data. Roughly speaking, then, 
we can expect the underlying growth trend to be influ- 
enced as shown in Figure 17 if the rhythms (a) con- 
tinue at war and post-war strength, or (b) resume at 
pre-war strength. 


Course of the Trend 


No one knows what the underlying growth trend will 
be, but one way to use the above information is to make 
it throw light, year by year as time unfolds, on what 
the underlying growth trend is really deing. (It would 
be much better to use the results of a study of monthly 
figures to learn each month or each quarter how the 
underlying situation is changing.) To get figures for 
the underlying growth trend, we may divide the actual 
production data for future years when available, by the 
appropriate figures for the composite effect of the 
rhythms. On the assumption that the rhythms are con- 
tinuing, the quotient will be an approximation of the 
underlying growth trend, subject to any distortions of 
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accidental origin, as well as to the fact that annual 
data will not give the exact length of the rhythms as 
well as monthly data. 

Tt 1s worth repeating at this point that the under- 
lying growth trend, after showing average growth of 12 
pertent from 1939 to 1945, seems to have slackened to 
10 percent from 1945 to 1946, 8 percent from 1946 to 
1947, and 6 percent from 1947 to 1948. This very impor- 
tant fact, in addition to all other facts at the dis- 
posal of the forecaster, should be taken into account 
by anyone who has the task of estimating the future 
production of viscose rayon filament yarn. 


Part IX. Recommended Procedures 


Anyone who wishes to use this information in a prac- 
tical way should take the following steps:* 

1. Obtain monthly figures, 191] to date. 

2. Determine exact length, shape, and phase of the 
so-called 2-year rhythm (24 1/4 months?) both (a) pre- 
war and (b) war and post-war. 


*” ALL OF THESE MAY SOUND LIKE A LOT OF WORK, BUT 
FOREKNOWLEDGE OF FUTURE PROBABILITIES 

TASK. OBVIOUSLY, 
FUTURE EVENTS 


1S NOT AN EASY 
A PROCEDURE THAT WILL THROW LIGHT ON 
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(Ratio Scale) 


Production (See Table 1 for figures) 


Synthesis of the Four Rhythms with the Under- 
lying Growth Trend (See Table 21 for figures) 
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3. Do the same for what in this paper has been 
called the 2 3/4-year rhythm (32.85 months?). 

4. Do the same for the so-called 3 1/2-year rhythm 
(41 months?). 

5. Do the same for the so-called 6-year rhythm 
(70.9 months, or 73.3 months, or a combination of the 
two?). 

6. In all of these determinations it will be helpful 
to work with the percentages that the actual data are 
of the tentative underlying growth trend, as reported 
here, converted to a monthly basis. 

7. Adjust for all these rhythms. 

8. Revise the underlying growth trend to take ac- 
count of the more accurate wave length, wave shape, and 
timing determinations. 

9, Revise estimates of the recent behavior of the 
underlying growth trend, and project it into the future 
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A. Projection Based on 1940-1948 Amplitudes 


taking all known factors into account. 

10. In view of the increased importance of rayon 
tire cord, it would be well to make a study of the 
rhythms and trend in tire production. I do not know 
what they are, but I do know that the 6-year rhythm is 
very important in the factory sales of passenger cars. 

11. A study should also be made of the rhythms and 
trend in the sales of viscose rayon filament yarn. 

12. Project the combined monthly waves into the 
future on both (a) the war and post-war and (b) the 
pre-war basis, and ‘‘wrap them around” the projected 
growth trend. 

13. Each quarter investigate to see the extent to 
which the pre-war waves have come back, and to see any 
changes creeping into the underlying growth situation. 

14. Revise the forecasts periodically in the light 
of all these factors. 
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B. Projection Based on 1911-1939 Amplitudes 


Tigure 17 


THE 2-YEAR, 2-3/4-YEAR, 3-1/2-YEAR AND 6-YEAR RHYTHMS 
AND THEIR SYNTHESIS PROJECTED TO 1960 
(See Table 22 for figures) 
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Table 1 Rese Centered 2-Year Moving Average of the 
et 2 roduction 0 scose xayon 
Production of Viscose* Rayon Filament Yarn The Fercont 9 thet pooh Joar f treduction MaNGtRa TGR ean 
in the United States, I911- aaa rer ee a (See Chart 2, broken line) 
(See Chart 1, and Cnart 2, solid line) — er soe eb 
= oving Mo vi 
Year Poreent Year Average Yoar iyerare 
oa tans Gace cae | 1917 ; eet ea 
Millions Millions 75. 1931 126.08 
Year of Pounds) Year of Pounds) ee efile 1912 1.10 1932 135.10 
1914 133.3 1913 1,78 1953 157.88 
1911 0.4 1931 13502 1915 162.5 1914 2563 1934 178.75 
1912 1.1 1952 Eres . 1915 4,00 1935 197.30 
1914 24 1954 170.3 wee cae 1916 5.50 1936 217.50 
1915 3.9 1935 202.0 1917 Tee 1917. 6.15 1937 218.20 
f sor re 1918 = 6.58 1938 208.13 
1916 5.8 1936 214.9 choos Sera 1919 8.05 1939 225,30 
1917 6.5 1937 eters 3 1920 10.78 1940 258,25 
1918 5.8 1938 . 1921 149.0 
1320 10:0 19g0 871 ieee 6144 1922 241439211278 
2 : ; te ae 1923 32.45 1943 342.75 
1921 14.9 1941 287.5 ae ace 1924 39,15 1944 388.58 
1922 24.0 1942 Peete i 1925 48.78 1945 443.08 
1923 54.8 Pope. sea: 1926 121.7 
ie ee feral ie sores SRS 
1925 49.4 LE . 1928 129.5 etl foe : 
1926 60.1 1946 491.2 oss ree 1929 108.68 
1927 70.4 1947 625.2 1930 120.80 
928 91.2 1948 562.3 s 
1929 113.0 ee pe For the benefit of those who are not statis- 
1930 117.5 1953 148.1 ticians, but who may wish to know, this is how 
193 98.8 a centered, or 2-year, moving uverage of a 2- 
nee 118.6 year moving average is computed: Average the 
3 é first and second figures of the original data. 
1936 106.4 average the second and third figures, then 
1937 110.8 average the third and fourth, the fourth and 
1938 ene fifth, and so forth, through the entire series, 
* Wherever the word "viscose" appears in 1939 127.4 oe Ting! Pudeeie oa erred oan ak Ge 
this report it is understood to include 1940 111.2 over again. This provides a Qayear moving avace 
er ceeiinioss process rsyon yearn until aze of a 2-year moving average. The second 
its production was discontinued in 7 aes apie series of calculations is made because it is 
£954, snd also to include the EOC ee LOn eee wae not possible to center exactly a moving average 
of cuprammonium filament yarn from ite ee eee with an even number of terms. Plot the first 
first production to date. es The figure of the results in the 1912 position, and 
4 so on to 1947. There will be one figure missing 
1946 109.4 at each end. That is why the broken line in 
= . Figure 2 runs only from 1912 to 1947, inolnsive, 
** Source : gason Organon. February, 1949, = aed and cannot continue to 1948 until the figures 
page 20. . for 1949 sre available to average in with the 
945 


1948 figures to extend the moving averaze to 
1948. 
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Table 4 Table 6 Table 7 (Continued) 
Percentages that the Production of Viscose Production of Viscose Rayon Filument Yarn Production 
Rayon ®il-ment .2rn Aro of the Centored Adjusted for the Eftect of a Perfectly Ad just#d 3-Year 
~~ 8-Yoar Moving averaze of the Same Regular @-Year Nhythm with Peaxs in for 2-Year More 5 
— {See Ghers 3, solid line) Odd Years Rhythm verage oO 
— (See Chart 5, solid line) (From Table Adjusted 
Year Percent Year 6, Gol. 6) Production 
Over-all amplitude, 1911-1939, equals 7.6 per 
lineal --- cent. 
1912 100.0 Over-all amplitude, 1940-1948, equals 0.6 per 1929 108.9 108.6 
1913 TOL. cent. 1930 122.1 120.4 
1914 91.3 
1915 97.5 (A) (B) (Cc) 1931 130.3 124.5 
Production 1932 121.0 139.1 
1916 105.5 Adjusted for 1933 166.1 154.7 
1917 105.7 The 2-Yoar 2-Ycar Rhythm 1954 17760 179.2 
1918 88.1 Production Rhythm (Millions LISS 194.6 198.3 
1919 101.9 (Millions (Based on of Pounds) 
1920 92.8 Yoar of Pounds Table 5) (A + B) 1936 223.4 215.8 
a 1937 22965 213.9 
1921 95.4 1911 0.4 103.8 % 0.39 1938 188.7 213.7 
1922 98.2 1912 1.1 96.2 1.14 1939 PHATE S| 22351 
1923 107.2 1913 1.8 103.8 ay £3 1940 257.9 255.8 
1924 20) 1914 2.4 96.2 2.50 
1925 101.3 1915 3.9 103.8 3.76 1941 286.6 285.3 
1942 311.4 311.8 
1926 100.2 1916 5.8 96.2 6.03 1943 33765 344.5 
1927 96.4 1917 6.5 103.8 6.26 1944 384.7 389,9 
1928 99.7 1918 5.8 96.2 6.0 1945 447.5 441.6 
1929 104.0 LOLS 8.2 103.8 7.9 
1930 97.3 1920 10.0 96.2 10.4 1946 492.7 487.9 
1947 523.6 526.8 
1951 OMe 1921 14.9 103.8 14.4 1948 564.0 £s2 
1932 86.2 1922 24.0 96 2 24.9 
L983 LOS. 2 1923, 34.8 103.8 33.5 
1934 95.3 1924 See 96.2 37.6 
1955 102.4 1925 49.4 103.8 47.6 
1936 98.8 1926 60.1 96.2 62.5 Table 8 
1957 109.2 L927 70.4 103.8 67.8 
1958 87.2 1928 91.2 96.2 94.8 Percentages that the Production of Viscose 
1959 102.7 1929 113.0 105.8 108.9 Tayon Filanent Yarn, Adjusted for the 
1940 99.6 193¢ 117.5 96.2 122.1 Dfect of the 2-Year Jave, Are of the 
Sentered 3-Year “‘oving Average of the 
1941 100.6 L937 135.2 103.8 130.3 Dame 
1942 99.6 1932 116.4 96.2 121.0 (See Chart G, Solid line) 
1943 98.8 1933 17224 103.8 166.1 
1944 98.7 1934 170.3 96.2 177.0 
1945 101.3 1935 202.0 103.8 194.6 
1946 100.4 1936 214.9 96.2 223.4 Year Percent 
1947 99,9 AREY 258.2 103,8 22980 a 
1948 oe 1938 181.5 96.2 188.7 1911 
1939 231.3 105.8 222.8 1912 104.5 
pee ne Sl ap he 1940 257-1 99,7 257.9 rane qord 
1941 28.765 pee 286.6 1915 91.7 
1942 310.5 ° 311.4 
gepie,®) 1943 338.5 100.3 337.5 ee 112.7 
Two-Year Periodic Table of the Percentazes 1944 eae Beat ee 1918 oe 
he Production of Viscose Rayon 1945 . ou . 1919 97.5 
ilamen arn are oO phe ventere Fe 9 
2-Year Moving Averaze of the same ot Pie ae: Pek aia, _— 
See Chart 3, broken line 1948 562.3 99.” 564.0 Des a! 
L925 104.7 
Dareen 1924 94.9 
art A. The Years 1912 through 1939 Colunn B is 100 per cent plus-or-minns 1/2 the 1925 96.7 
- over-211 amplitude derived in Table 5. 
Years after Base Year 1926 105.4 
Base Year 1 2 1927 90.4 
Table 7 1928 104.8 
abeyital TOONO) 0d 2 1929 100.3 
1913 Ono: Si 6o) ventered 3-Yesr “iovinz Averaze of the 1930 101.4 
1915 105.5) 105.7 “Production of Viscose sayon Filament 
OAM. 88.1 101.9 Yarn idsusted for the uttect Lass eee 
1919 92.8 9504 a z ; . 
1921 98.2 107.2 ee eee 1933 107.4 
1923 92.5 101.3 ea en 3-Year 1934 $8.8 
1525 100.2 96.4 for -Year Moving 1935 98.1 
1927 Oey WoOAGe) Rhythm Average of 
1929 97.3 107.2 7 (from Table Adjusted 1936 103.5 
1951 86.2 109.3 Year 6, Col. C) Production 1937 107.3 
1933 95.5 L024 1938 88.3 
1935 98.8 109,2 sae See nee 1939 99.9 
JEN Cline LOB? 1913 1.73 i179 1940 100.8 
Sum 1533.1 1439.2 1914 2650 2.66 ° 
Average 95.2 102.8 1915 3.76 4.10 ns ete 
Over-all Amplitude oquals 7.6 antes 1943 98. 
oie ES 5.35 1944 98.7 
6.25 6.10 5 
1918 6.0 Gay 1945 101.3 
Part B. The Years 1940 through 1947 1919 749 8.1 1946 101.0 
1920 10.4 10.9 1947 99.4 
Years after Base Year 5 * 
Base Year 1 2 1921 14.4 16.6 ies 
a ee a Sa ae ee ee 1922 24.9 24.3 
1939. 9956) LOO.6 LIZS 55.5 52.0 
ae 99.6 98.8 1924 57.6 39.6 
1942 Sehsve  altoites 1925 Me 
1945 100.4 ae) moa ae 
Sum 308.3 400.6 1926 62.5 5963 
Average 99.6 100.2 1927 67.8 75.0 
Over-all Amplitude Dquals 0.6 1928 94.8 90.5 * As the moving average runs only from 1912 


to 1947, there are no percentages for 
(Continued in naxt columai 1911 and 1948, 
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Table 12 
Seven-Year Periodic Tuble of the Percentages of Viscose Rayon Filament 
arn, adjuste or the fect o e 2-year Wave, ire o e Centere x : 
-Yegr ov iverage 0: e Same (See Chart 0, broken line S-Year Moving Ay. f the P 
Part A. The Years 1912 through 1939 Adjusted for the Effect of 
the 2- and 3 1/2-vear rhythms 
Base Years After Base Year 
Year 1 2 3 4 5 6 7 
1911 104.5 96.7 94,0 91.7 112.7 102 (a) (B) 
-7 102.6 89.6 Prodaotiion 
1918 97.5 95.4 86.7 102.5 104.7 94.9 96.7 Adjusted for 
both 2-Year Centered, or 
HOZ5 105.4 90.4 104.8 100.3 101.4 104.7 87.0 and 3-1/2- 2-Year, loving 
1932 107. 9 Yoar Rhythms Average of a 
07.4 98.8 98.1 103.5 107.3 88.3 99.9 eT ene 6-Year Moving 
Sum 414.8 381.3 583.6 598.0 426.1 390.5 feces Aoreecs 
° ‘ . ° . °5 3735.2 
Average (Mean) 103.7 95.3 95.9 99.5 106.5 yee Year (from Table 11) Colum (A) 
Median 105.0 97.1 96.0 101.4 106.0 98.7 93.2 1911 0.42 eo 
Adjustment** 105.7 96.7 95.5 101.6 106.8 98.5 92.3 eo asa ese 
Part B, The Years 1940 through 1947 1914 2.62 3.04 
Base Years After Base Year 1915 3.70 3.99 
Year 1 2 3 4 5 6 7 
a TR a ee «Se 
1939 100.8 100.5 99.9 98.0 $8.7 101.3 101.0 1926 pes ree 
1946 gona 1917 6.36 6.07 
< 1918 6.5 7.70 
Average (Mean) 100.1 100.5 99.9 98.0 98.7 101.3 101.0 oe vee rehies 
; # 1920 10.8 13.88 
Ad justment *** 100.6 99.7 99.5 100.2 100.7 99.9 99.2 
A Se ; i 1921 15.1 18.6 
Deviutions from 100% are increased 13% be- Addendum: after this report was finished it was 1922 24.5 24.9 
csuse some of a 3 1/2-year cycle remains in a discovered that the median in the second column 1923 31.4 32.6 
3-year moving average. A 3 1/2-year cycle in above should have been recorded as 90.1 instead 1924 38.2 41.2 
the deviations from such a moving averege is of 97.1. Consequently the adjusted value should 1925 51.6 52.1 
thus smaller than it is in the actual figures. have been 95.6 instead of 90.7. This error in- 
The wave ss it appears in the deviations must troduces a slizht distortion in the remaining 1926 59.1 64.6 
therefore be ziven greater amplitude before it work, but in view of the very much larger dis- 1927 70.1 77.3 
is used ss a correction factor. tortion already in the work due to the use of 1928 99.3 90.3 
*" The 3 1/2-year wave from 1940 through 1947 annual instead of monthly fimres, it does not 1929 107.2 103.1 
is assumed to be present at 1/10 of the averaze geem necessary to recompute the remaining tables. 1930 114.3 116.3 
1911-1937 amplitude. see text, bottom of page 6, 
1931 132.3 130.5 
1932 131.1 an 
cemmnnmenmrpemremmscsticet sc es ne NR A PC ET EES RR rR SLE 
1933 157.1 162.4 
Table 11 1934 185.0 178.1 
Production of Viscose Raven Filament Lam 1935 203.8 190.0 
cable 10 Adjusted for the Bffect of » Reeular 2-Year 


mh 1936 219.9 20261 

Y 1937 214.9 215.2 

Synthesis of the 2-rear Rh oie es the FC BU et Sa Ee 
=Year A : 

Amplitudes (A) (B) (Cc) 1939 241.4 243.0 


(Ses Chart-9) Production 1940 25664 261.0 
peire ee enon 1941 287.5 287.0 
Production and 3-1/2- 1943 336.8 38723 
Adjusted for Year Rhythms 1944 creas es 
2-Year Rhythm (Millions 1945 ee eae 
(Millions The 3-1/2- a es) . ‘ 
j Year of Pounds) Year Rhythm _{(A ¢ me: 
(A) (B) (c) aes 1946 496.7 - 
3--1/2= xo17 0.39 92.3 0.42 1947 520.5 wow 
2-Year Year Synthesis aaa a he ae oe 1948 565.7 re 
: Re . 7 101.6 a7 
1912 96.2 105.7 101.7 Bae oi? Seo footnoto to Tablo 3 for mothod of calcu- 
1913 103.8 96.7 100.4 1916 6.03 106.8 5.65 lating 2 contcrod moving nvorage basod on 
1914 96.2 95.655 CHE SE) 1917 6626 98.5 6.36 an cvon numbcr of torms, 
1915 103.8 101.6 105.5 1918 6.0 92.3 6.5 
05.7 7.5 
1916 96.2 106.8 102.7 1919 7.9 105. : 
1917 103.8 98.5 102.2 1920 10.4 96.7 10.8 
1918 96.2 92.3 88.8 
1919 103.8 105.7 109.7 1921 14.4 be Bee Table 13 
1920 96.2 96.7 935.0 1922 24.9 101.6 24.5 
: i ee 1923 33.5 eee eats Percentages that the Production of Viscose 
1921 103.8 95.5 99. 1924 37.6 : : = Ra Fon or Tlanent Tarn oes otek fer re 
1922 96.2 101.6 9767 1925 47.6 92.3 51.6 ochTeat of tie 2 Year an Sal/e=Voar 
1923 103.8 106.8 110. Rhythms, Are of the Centered 6-Yoar 
1924 96.2 98.5 94.8 1926 62.5 105.7 59.1 loving average of the same 
1925 103.8 92,3 95.8 1927 67.8 96.7 70.2 ‘leo Chart 10, solid Line) 
1928 94,8 95.5 5 
1926 96.2 105.7 101.7 apes Hees 101.6 107.2 
“ee aoe. Pere en ie 1930 ileal 106.8 114.3 
1928 96.2 95.5 5 ao} voar eee 
1929 103.8 101.6 10545 roan seed 98.5 132.3 Year Percent 
1930 96.2 106.8 102.7 5 aie 92.3 131.1 1911 4<3 
1931 103.8 98.5 102.2 1933 166.1 105.7 157.1 1912 --- 
1932 96.2 92.3 88.8 1934 177.0 96.7 183.0 1913 ee 
1933 103.8 105.7 109.7 1935 194.6 95.5 203.8 1914 ere 
i 96.7 93.0 5 . 
1985 108.8 95.5 99.1 1936 22564 101.6 219.9 : 
1937 229.5 106.8 214.9 1916 LES sa 
1936 96.2 101.6 97.7 1938 188.7 98.5 191.6 1917 104.8 
1937 103.8 106.8 110.9 1939 222.8 92.3 241.4 1918 84.4 
1938 96.2 98.5 94.8 1940 257.9 100.6 256.4 1919 1365 
1939 103.8 92.3 95.8 1920 77.8 
1940 99.7 100.6 100.3 1941 286 .6 99.7 287.45 en a 
311.4 99.5 ; Bl. 
pe Beoee ae aoe. ae 337.5 00.2 336.8 1922 98.4 
2 99.7 99.5 99,2 1943 . 100. B.A 
Le " ‘ 384.7 100.7 382.0 1923 96.3 
1943 100.3 100.2 100.5 1944 ‘ ’ : ee Ee 
1944 99.7 100.7 100.4 1945 447.5 99.9 447. a ay 
1945 100.3 99.9 100.2 1946 492.7 99,2 49667 
1946 99.7 99.2 98.9 1947 523.6 100.6 520.5 
1947 100.3 100.6 100.9 1948 564.0 99.7 565.7 


1948 99.7 99.7 99,4 Colum B is dorivod from Table 9, (Continued on next page) 
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Table 13 (Vontinued) Table 14 
Six-Year Periodic Table of the Percentages that the Production of Viscose 
Rayon exiene nt Yarn, adjusted for ae Efrest of the 2-Year and 3 1/2-Year 
Waves, Are oO e Centered 6-Year “loving Average oO é@ Same 

1926 91.5 “(See Chart 10 browse ine 

1927 90.7 ee Char , broken line 

1928 110.0 Base Years After Base Year 

1929 104.0 Year Ss Mele oe ees 

dope eee 1912 86.2 92.7 115.1 104.8 84.4 73.3 

1951 101.4 1919 77.8 812 98.4 96.3 92.7 99.0 

ieee ay 1925 91.5 90.7 110.0 104.0 98.3 101.4 

1934 102.8 19351 90.0 96.7 102.8 107.3 108.8 99.9 

1935 107.3 1937 83.9 99.3 98.2 100.2 97.7 94.3 

1936 108.8 1941 96.4 103.0 pen 

1937 95.9 Median* 66.1 94.7 102.8 104.0 97.5 99.0 

1938 83.9 Idealization** 

1939 99.35 1911-1959 to 

1940 98-2 base 1913 92.5 “9755 LOZ.bewLO765 102.6) 9765 

1941 100.2 Téealizatiou*** 

1942 97.8 1940-1948 to 

1943 94.5 base 1937 98.2 99.4 100.6 101.8 100.6 99.4 

1944 96.3 

1945 102.4 

1946 == bi The averaze of the two middle value fizures in columns 1 and 2; of the 

Tone a two middle valnes in columns 3, 4, 5, and 6. 


The median raised to be symmetrical around the 100 per cent axis, in 
shepe as wejl as position. 4 2 . 

The 6-year wuve from 1940 throuzh 194% is, in this line, assumed to be 
present at 1/0 of the average 1911-1937 amplitude. See tex, page ®, 


Table 16 


Production of Viscose Rayon Filament Yarn, Adjusted 
for the offect or pe eee Regular 2-Year, 
-1/c-Year and 6-Year Rhythms 

See r , solid Line) 


(A) (B) (Cc) 


Plone 
Production Adjusted for 
Table 15 Adjusted for the 2-Year, 
both 2-Year 3-1/2-Year 
and 3-1/2- and 6-Year 
Year Rhythms Rhy thms 
(Millions (Millions 
of Pounds) The 6-Year of Pounds) 
(a) (B) (c) Year {from Table 11) Rhythm (Oe 
Synthesis , : ; : 
of 2-Yeer and Composite its : a ae Hs 4 = 
3-1/2--Year of All 3 i913 i279 97.5 ee 
Waves (from 6-Year Wares 1914 2.62 92.5 2°83 
lave (xB) D . . 
Year Table 10) Vave ; 1915 3.70 97.5 3.79 
1911 95.8 107.5 10330 
1912 101.7 102,5 104.2 1916 5.65 102.5 5.51 
1913 100-4 97.5 97.9 1917 6.36 107.5 5.92 
1914 91.9 92.5 85.0 1918 655 102.5 6.3 
1915 105.5 97.5 102.9 1919 7.5 97.5 7.7 
1916 102.7 102.5 105.3 1920 10.8 92.5 11.7 
1917 102.2 107.5 109.9 
1918 £8.8 102.5 91.0 1921 15.1 97.5 15.5 
1919 109.7 97.5 107.0 1922 24.5 102.5 23.9 
1920 93.0 92.5 86.0 1923 31.4 107.5 29,2 
oan as one 96.66 1924 38.2 102.5 37.3 
1922 97.7 102.5 100+1 aces 51.6 97.45 52.9 
1923 110.9 107.5 ; 
1924 94.8 102.5 97.2 ae ie 52.8 65.9 
5 97.5 93.64 : . . 
1925 95.8 . 1928 99.3 102.5 96.9 
1926 101.7 92.5 94.1 1929 107.2 107.5 99.7 
1927 100.4 97.5 97.9 1930 114.3 102.5 spELA 
1928 91.9 102.5 94,2 
1929 105.5 107.5 113.4 1931 132.3 97.5 135.7 
1930 102.7 102.5 105.3 1952 13141 92.5 141.7 
1931 102.2 97.5 9946 i eee oe ar 
1932 88.8 92.5 82.1 1935 203.8 107.5 189.6 
1933 109.7 97.5 107.0 . : 5 
1934 93.0 102.5 95.3 1936 219.9 102.5 214.5 
1935 99.1 107.5 106.5 1937 214.9 97,5 220.4 
00. 1938 191.6 92.5 207.1 
ead aes aoete tn 1939 241.4 97.5 247.6 
1938 Gin 92.5 87.7 1940 256.4 100.6 254.9 
1939 95.8 97.5 93.4 1941 Baye 
: 101.8 282.4 
ee a OCG ad 1942 313.0 100,36 311.1 
1941 100.0 101.8 101.8 1943 336.8 99.4 338.8 
1942 99.2 100.6 99.8 1944 382.0 98.2 389.0 
1943 100.5 99.4 99.9 1945 447.9 99.4 450.6 
1944 100.4 98.2 98.6 
1945 100.2 99.4 99.6 1946 496.7 100.6 493.7 
aes Yoocé 99,5 1947 52005 101.8 511.3 
1047 100.9 101.8 102.7 1948 565.7 100.6 562.3 
1948 99.4 100.6 100.0 


Column B based on Table 14. Column B based on Table 14, 


eee 
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Table 17 a ere SaeeeIInenEEEIEemeemeeieeeeee 
Table 18 (Continued) Table 19 
Phree-Year Moving Average of the Production nm 
= ESGOneEayOnEMmlancn rmnmidaeted amos and —Theee=luarter rear Periodic Table 
or © atTeot o henvaYoar ercentages that 6 Productio 
a3 Elie vonraandsGaVearaavos, Year Percent of Viscose x%ayon Filament Yarn 
treo Shart 12. broken line] Adjusted for the utfect of the 
2-Year, 3 1/2-Year and 6-Year 
(A) (B) 1926 101.6 Waves, Aare o e 3-Year 
Production 1927 92.7 loving Average of the Same 
Adjusted for 1928 108.3 (See Chart 13, broken Tine) 
the 2-Year, 1929 97.1 
5-1/2-Year : 1930 96.4 
and 6-Year 1931 104.7 
Rhy thms 1932 96.9 Base Years After Base Year 
Pas tisrs: 3-Year Moving 1933 100.4 Year 1 B 
of Pounds Average of 1934 101.2 2911 
Year (from Table 16) Colum (A) 1935 9726 1914 9308 108.7 100.2 
i a a Hore a eS aia 1917 9941 100.0 100.9 
at ee as 1936 103.0 1920 91.2 (91.2)* 104.4 
ais ae 1.09 1937 103.0 _ 1922 97.0 93.7 102.9 
oy Bs ToL 1938 92.0 1925 101.6 92.7 108.3 
ere e 2.82 1939 107.7 1928 97.1 96.4 104.7 
3.79 4.04 1940 97.4 oo 96.9 (96.9)* 100.4 
933 101.2 97.6 103.0 
1916 5.51 5.07 1941 99.9 1936 103.0 92.0 10747 
1917 5.92 5.91 1942 10021 —= —— — 
1918 6.3 6.36 1943 97.8 Average Median** 975 95.8 102.8 
1929 Tar 7.7 1944 99.0 
1920 11.7 11.6 1945 101.4 Ad justed_values*** 
1911-1939 to base 1911 98.8 . . 
1921 16.5 17.0 1946 101.8 sila ae 
one aos pan 1947 97.9 Values****, 1940-1948 
° 50.1 1948 gos to ba 9 A 
or pace oe 4 se 1939 99.5 99.5 100.5 
1925 52.9 51.4 ‘I Figures in parentheses are repeated from 
the previous year. 
Se nar tare ** The average of the four middle values in 
1928 96.9 89.5 a esch column, 
1929 Bore 102-7 The median has been raised to be symnet- 
1950 ARE “4 me rical around the 100 per cent axis. In 
. 15. addition, peshta ce values should be 
increased by per cent and neeitive 
fs ae as values should be decreased by & per 
aes nel ei cent of their difference from 100 per 
eo cee . cent. sizht per cent is the correction 
pace dese 176.4 factor used when computine the ampli- 
. 194.2 tude of a 2 3/4-year wave in the devia- 
1936 214.5 208.2 at gd tions from a 3-year moving average. 
1937 220.4 214.0 The 2 3/4-year wave from 1940 through 
1938 207.1 225.0 1948 is assumed to be present at 1/7 
1939 247.6 230.0* of the average 1911-1939 amplitude. 
1940 254.9 254,2* Wee) Wex' (ROKR es 
1941 282.4 282.8 Table 20 
1942 511.1 310.8 
1943 338.8 346.3 Production of Viscose Rayon Filament Yarn Adjusted 
1944 389.0 392.8 for the =ffect of Porfoctly Regular 2-vear, 
1945 450.6 444.4 S 


T n Und orlyi 
1946 493.7 485.2 (Seo Chart 14 


1947 511.3 522.4 
1948 562.3 <= 
(A) (B) (Cc) (D) 
Production Production 
*Values for 1918, 1919, 1939 and 1940 deter~ Adjustod for Adjustcd for Underlying 
mined graphically rather than by computing the 2-Year, the 2-Year, Growth Trend 
the 3-year moving average in order to ex- 3-1/2-Year $-1/2-Yoar, (Values in 
press the behavior of the underlying growth and 6-Yoar 6-Year and Column C 
trend as discussed in the text, page 10. Rhy thms 2-3/4-Yoar Smoo thea 
(Millions of Rhy thms Graphically) 
Pounds)(From The 2-3/4- (Millions (Millions 
SS Year Table 16) Year Rhythm of Pounds) of Pounds) 
1911 0.39 104.1 0.37 0.37 
Table 1° 1912 1.05 98.8 1,06 1.06 
1913 1.84 97.1 — cee 
e 1914 2.83 104.1 3 : 
Percentazes that the Froduction of Viscose 1915 3.79 98.8 3.84 4:00 
1916 5.51 97.1 5.67 5.15 
1917 5.92 104.1 5.69 5.85 
1918 6.3 98.8 6.4 6.3 
1919 ar, 97.1 7.9 7.8 
1920 ray 104.1 mse Tala 
cent 
Test a 1921 15.5 98.8 ebay 16.5 
1911 --- 1922 23.9 104.1 23.0 22.5 
1912 96.3 1923 29.2 98.8 29.6 30.0 
1913 96.3 1924 37.3 97.1 38.4 39.5 
1914 100.4 1925 52.9 104.1 50.8 51.0 
93.8 
aA. : 1926 63.9 98.8 64.7 64.0 
1916 108.7 1927 VAT) 97.1 74.0 76.0 
1917 100.2 1928 96.9 104.1 93.1 90.0 
1918 99.1 1929 99.7 98.8 100.9 102.5 
1919 100.0 1930 sla Ea) 97.1 114.8 115.0 
100.9 
ree 1931 135.7 104.1 130.4 130.0 
1921 91.2 1932 Aly 98.8 143.4 146.0 
1922 104.4 1933 161.1 104.1 154.8 160.4 
1923 97.0 1934 178.5 98.8 180.7 178.0 
1924 9347 1935 189.6 97.1 195.3 194.2 
1925 102.9 


(Continued on next page) 


(Jontinued in next eolumn) 
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ble 20 (Conti d 
Table (Continued ) Table 21 


(A) (3) (c) (D) Composite Effect of the 2-Year, 2-3/4-Year, 3-1/2-Yoar 


and 6-Year Rhythms, and the Synthesis o hese 
Production Production Waves with the Underlyin, rowth ren 
Adjustcd for Adjusted for Underlying (Soo Chart 15, and Chart cr brokon linc) 


the 2-Year, the 2-Ycar, Growth Trend 
3-1/2-Year 3-1/2-Yoar, (Valves in 
and 6-Year aye and Column C 
Rhy thms 2-3/4-Yoar Smoo thed 
(Millions of Rhy thms Graphically) (a) (B) (c) (D) (B) 
Pounds)("rom The 2-3/4- (Ifillions (Millions 
Yoar Table 16) Yoar Rhythm of Pounds) of Pounds ) Synthesis synthesis 
° of 2-Ycar, of All 
1936 214.5 104.1 20641 208.2 3-1/2-Yoar Undoriyine Peet ineves 
mee seOee ease fee eeee and 6-Yoar 2-3/4 Composite Growth with the 
wane ree eae eee Seas Waves(from -Ycar of All zeons(e oe Trond 
. . 37. 506 5 y 2 Si Wi Tablo 20 
1940 254.9 99.5 256.2 257.3 Yoar Table 15) Wave Zour Wavos Table 20) (CxD)- 
EOI: 103.0 104.1 107.2 0.37 0.40 
1941 Borat 99.5 283.8 287.8 1912 104.2 98.8 102.9 1.06 1.09 
1942 Sli ed 100.5 309.6 321.9 1913 97.9 97.1 95.1 1.85 1.76 
1943 338.8 99.5 340.5 359.9 1914 85.0 104.1 88.5 2.78 2.46 
1944 58940 100.5 387-1 402.5 1915 102.9 98.8 101.7 4.00 4.07 
1945 450.6 99). 452.9 450.2 
1916 105.3 Bhiyloit 102.2 5.15 5.26 
1946 495.67 9965 496.2 494.5 1917 109.9 104.1 114.4 5.85 6.69 
1947 SiO 100.5 508 .8 533.3 1918 91.0 98.8 89.9 6.3 5.66 
1948 562.3 9955 565.1 564.5 1919 107.0 97.1 103.9 7.8 Sil 
1920 86.0 104.1 89.5 alalAr2 10.0 
eee ea ae tee 1921 96.6 98.8 95.4 16.5 15.7 
1922 100.1 104.1 104.2 2200 23.4 
1923 2962) 98.8 117.8 30.0 56.35 
1924 97.2 HES 964% $9.5 37.35 
19265 93.4 102.1 97.2 51.0 49.6 
Table 22 Loew Silas) iieaal W5jek 76.0 Teed 
1928 94.2 104.1 9851 90.0 88.3 
The 2-Year, 2-3/2-Yoar, 3-1/2-Yurr and 6-Yoar #929 113.4 98.8 TUS O OZ. 114.8 
Rhythms and thoir Syuthscsis -rojoctod to 1930 105.3 97.1 102.2 115.0 117.5 
960 on (A) war and Post-/ar Amplitudes 
and (8B) Pro-Jar Amplitudes OST 99.6 104.1 LOZe7 130.0 134.8 
(Sco Chart ry 952) 82.1 98.8 fy lsak 146.0 118.4 
1933 107.0 10<.1 TT 160.4 178.7 
1934 9523 98.8 Ieee 178.0 167.7 
2art A. ilar and Post-\ar Amplitudes 1935 106.5 97.1 103.4 194.2 200.8 
2-Yoor 3-1/2-Yoar 6-Yoor 2-3/4-Yoar ae peed yee or Kees ae 
7 y i: t Se . . . . 
Yoar Rhythm Rhythm Rhythm Rhythm Synthesis 1938 oe 9721 85.2 Bas 191.7 
1949 100.35 99.5 ON ee D995 98.7 1939 952% 104.1 97.2 230.0 223.6 
A950) IAW 100.2 98.2 100.5 98.6 1940 160. 9 99.6 100, 257.5 258.3 
1951 100.2 100.7 CAA 99.5 99.9 1921 101.8 CE) 101.3 287.8 291 635 
1952 D967 5s) 100.6 S515) 9907 1942 99.8 100.5 100.5 321.9 52209 
GSS 100.3 Dorr 101.8 100.5 101.8 1943 ESAS) 99.15 99.6 259.9 357.7 
1954 Our 100.6 100.6 9955 100.4 194% 98.6 100.5 99.1 402.5 398.9 
1955 100.3 99.7 99.5 100.5 990) 1945 99/06 9955 99.1 450.2 44601 
1956 CNY 9955 98.2 OOD) 96.9 1926 IA DIT 99.0 £9225 489.6 
1957 +=100.3 100.2 99.% 99.5 99.4 1927 102.7 100.5 103.2 535.3 550.4 
1958 STS 100.7 100.6 100.5 TORS 1948 100.0 99.5 99.5 56:25 561.7 
£959 100.3 Cae) 101.8 99.5 101.5 
1960 OT. 99.2 100.6 99.5 99.0 


Column B based on Table 19. 


Part B. Pre-i/ar Amplitudes 


2-Yonr $3-1/2-Yoar 6-Year 2-3/4-Yoar 


Year Rhythm Rhythm Rhythm Rhythm Synthesis 
1929 103.6 95a 97.5 97 a 93.8 
1950 96.2 101.6 92.5 102.1 9401 
W961 103.8 106.8 Chis) 98.8 106.8 
1962 96.2 98.5 LOZ 9761 IG eG 
1953 103.8 Cy5e) 107.5 104.1 107.2 
1954 96.2 105.7 102.5 98.8 102.9 
1956 103.8 2 CWE Hf Me. 104.1 -10res 
1956 96.2 PL) Pai) 98.8 82.0 
1957 103.8 101.6 97,5 Syical. 9959 
1958 96.2 106.8 102.5 104.1 109.6 
1959 103.8 98.4.5 OWS 98.8 108.6 
1960 96.2 92635 102.5 97.1 88.4 


* see foot-note to Table 9. 


A FORECAST OF VISCOSE RAYON 


ARLY in 1949 I made a study of the 

cycles in viscose rayon filament yarn 

production. This report was published 
at the time as Foundation Report No. 1. It 
originally sold at $100.00 a copy. Because 
that report shows you just how a cycle 
analysis is made, complete with all the 
arithmetic, it is being reprinted in full 
as a supplement on pages 7—24 of this 
report. 

Report No. ] announced the discovery of 
four cycles in the production of viscose 
rayon filament yarn, viz., cycles 2 years, 
2 3/4 years, 3 1/2 years, and 6 years in 
length. It synthesized (combined) these 
cycles and projected the synthesis into 
the future. How has the forecast worked 
out? 

By way of explanation it should be said 
that in viscose rayon filament yarn pro- 
duction, as in so many phenomena, World War 
II greatly diminished the amplitude of the 
cycles. In rayon yarn production the 
diminished amplitude continued into 1946, 
1947, and 1948, FT did not feel myself 
sufficiently acquainted with the industry 
to know whether conditions were ripe for a 
return to pre-war amplitude, or whether 
the war and immediate post-war conditions 
would continue a short while longer. I 
therefore made two projections. In each 
projection I used the same four cycles, 
but in one projection I used the pre-war 
strength of each cycle, in the other I 
used the war and immediate post-war 
strength. 

Apparently the cycles reasserted them- 
selves at pre-war strength just about the 
time the report was written. The forecast 
shown below is therefore the one on this 
basis. 

The forecast was in terms of percentage 
variation from trend. One can never be 
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FILAMENT YARN PRODUCTION 


quite sure of what the underlying growth 
trend of a series of figures is. However, 
with the help of a French curve I made the 
best projection I could of the trend as it 
had showed itself in 1948 and prior there- 
to to obtain the following values: 


1948 564.5 million pounds 
1949 O02 

1950 Soo. ot HH 
JEL 606.5 i 2 
1952 Ol2e5 Es ( 


You will notice that the differences 
between the values for the consecutive 
years are 18, 14, 10, and 6 million pounds 
respectively, and that these differences 
are each 4 million pounds less than the 
difference before. 

The synthesis of the four cycles calls 
for the following percentages of trend: 


1949 99. 5% 
1949 93 2% 
1950 94.1% 
1951 106.9% 
1952 94. 4% 


Applying these percentages to the trend 
as given above we get the following values 
in millions of pounds: 


1948 8564.5 x 99.5% = 561.7 
1949 582.5 x 93.8% = 546.4 
OSO* 9596.55 x* 194.017, = 5013 
1951 606.5 x 106.8% = 647.7 
1952 612.5 x 94.4% = 578.2 


The actual production for these years 


was as follows: 


1948 562.3 million pounds 
1949 544.3 ‘i 
1950 G2iistie 1 4 
195] 658.1 a i 
“1952 Do gee as 
(*PRODUCTION FOR 1952 1S AN ESTIMATE 
ByAeS'6.D. (ULP:01\N” DAVILA) JFIOURS SLE SPURS) SAR Ese 
QUARTERS. FIGURES FOR THE FOURTH QUARTER 


ARE NOT AVAILABLE AS WE GO TO PRESS.) 
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The differences between actual produc- 
tion and the product of the trend and the 
synthesis (actual minus forecast) in 
millions of pounds, and in percentage 
deviations from forecast times trend are 
as follows: 


1948 .6 or 00.1% 
1949 —2.] or —().4% 
1950 66.0 or 11.8% 
1951 HOR4) cie ONG 
1952 (est) -2.3 or —00.4% 


' Remember that the production for 1948 
was known when the forecast was issued. 
Remember too that the trend given here was 
determined after the fact. The trend as 
you or I might have determined it in 1949 
would doubtless have been slightly differ- 
ent, and in truth, the trend may ultimate- 
ly prove to be slightly different from the 
values given here; no one can tell until 
time unfolds. I cannot see that in any 
case the differences would be enough, one 
way or the other, to be very important 
percentagewise. 

The synthesis in percentages for these 
years and the actual behavior as a per- 
cent of trend are shown in Fig. 1 below by 
means of broken and solid lines respective- 
ly. The combination of cycles and trend 
compared with actual production is shown 
inskig. 2. 

The percentages that these production 
figures are of the estimated trend, the 
percentages that were used in the forecast 
made as of the end of 1948 (no 1949 figures 
being available when it was made), and the 


error, is shown below: 
Jee aes 
105 / \ 105 
100 / 100 
de 95 

FIG. 1--VISCOSE RAYON FILAMENT YARN PRODUCTION 


PERCENT OF TREND 


— Report for February 1953 


YEAR ACTUAL PERCENTAGE ERROR 
PRODUCTION CALLED PERCENT 
AS FoR BY THE EXcess; 
PER CENT FORECAST ACTUAL 
OF TREND OVER 
FORECAST 
TAKEN 
AS 100% 
*1948 99 .6 99.5 00.1 
1949 93.4. 93.8 0.4 
1950 105-2 94.1 14-8 
1951 108.5 106.8 01.6 
1952 94.0 94,4 -00. 4 


It 1s obvious that the firms which 
bought this report when it was issued were 
forewarned of the possibility of poor 
business in 1949, of exceptional good 
business in 1951, and of poor business in 
1952. From this sort of a study, however, 
they could not have been forewarned of the 
good business that came as a result of the 
Korean War in 1950, nor of whatever good 
business may have flowed from the war in 
19ST. 

Cycle projections should be revised at 
frequent intervals to true them up to 
actuality. This projection has worked very 
well for the four years 1948—1952 but 
unless revised, it should not be expected 
to work as well for 1952-1956, and unless 
revised again it will probably work still 
less well for 1955-1960. Those who wish 
all the light which it is possible for a 
knowledge of cycles to throw upon the 
future of rayon production should there- 
fore revise the forecast from 1952 forward 
by means of the methods described in the 
report referred to above. 


MILLION 
POUNDS 


5 50 


1500 


FIG. 2+-VISCOSE RAYON FILAMENT YARN PRODUCTION 
MILLIONS OF POUNDS 


Correspondence With Eugene E. Reitz 


Dear Mr. Dewey: 

Like many of the members, I am accepting 
the opportunity to express a few opinions 
and ideas about the Foundation’s work and 
reports. 

I feel that most of the suggestions 
made by Mr. Michael Modell in his letter 
published in the September issue may ex- 
press the feelings of a number of members 
interested in the study of cycles and 
their practical application. 

‘Mr. Modell suggested.(1) a directory 
of members, (2) a textbook of statistical 
methods useful in cycle analysis, and (3) 
the possibility of special voluntary 
assessment of those among the membership 
who might be interested: in the development 
of some special study. Ed. 


Investigate Short-Term Swings 


I would also like to see some research 
made in short-term swings, especially in 
commodities. It is my opinion that commod- 
ity prices, such as cotton or soy beans, 
especially the latter, offer a much better 
subject for short-term study than a par- 
ticular stock. Commodities offer cycles 
which occur more frequently with moves 
that are sharper, more clear-cut, with 
turning-points almost upon the day. Cycles 
of shorter length can usually be detected 
even in their periods of consolidation or 
accumulation, whereas stocks seem to oper- 
ate in a more undecided trend with broader 
tops and bottoms, giving too much chance 
of fitting in a non-existing cycle when 
movements and dates of trend-change are 
not very pronounced. 


Nelson's Work Praised 


I can easily say that of the reports I 
have read up to the present time, I found 
the article by John H. Nelson, of R. C. A., 
Inc., in the March issue of this year, to 
appeal to me the most. The methods used ky 
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Mr. Nelson, or I should say methods very 
similar, can offer some interesting possi- 
bilities, especially in charting, I shall 
say mass emotions. Research, to a certain 
extent, has not been lacking along these 
lines and some of the best results along 
economic lines, that I have seen up to nw, 
have been produced by the use of similar 
methods. Of course, as in many things there 
are the amateurs of great confidence and 
small knowledge whose works many times 
find their way in print and fail to justify 
a system’s possibilities. 

As in the study of fixed cycles, the 
planetary method needs much study—the 
subject and possibilities are broad. There 
is one thing that we can never be quite 
sure of. It is this: Can we ever know that 
the finer points that would make this 
method or any other a science, have not 
been discovered more than once in the 
past? We all know that any discovery of 
pronounced value in its application to 
markets, would never reach print, I have 
only a suspicion that this might have been 
accomplished, even as far back as the 
fifteenth century. For us, though, it is a 
matter of beginning at the beginning and I 
think that it is impossible for anyone to 
study cycles for any length of time with- 
out coming to the conclusion that he is on 
the right track but for practical purposes, 
much polishing is necessary and that it 
will take more than the mind of one in- 
dividual, working separately, to make any 
worth-while progress. An organization such 
as the Foundation is in a good position to 
assimilate the many ideas and do the 
enormous amount of checking necessary. 


Study Cycles in Nature 


I am hoping that in the direction of 
your research you will not over-look the 
great possibility of nature in producing 
cycles in all things, also reflecting them 
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perhaps in a terrestrial manner. If this is 
false reasoning then I shall say that 
there has been an awful lot of smoke 
eminating from an awful lot of literature 
of the past, without a fire to start it. 
In the light of present knowledge of 
planetary cycles, one familiar with these 
methods does not wonder about the many 
successes but about the occasional fail- 
ures, and especially the lack of knowledge 
in applying to individual and specific 
things. How it is that some things after 
following the trend for a long time will 
break from the herd, so to speak, with 
something else coming back in line about 
this time. A great amount of work would be 
necessary in attempting to break these cy- 
cles down to apply individually instead of 
collectively as in the form of an average 
but I believe this to be possible. 

In event enough response is received in 
regard to research upon a particular stock 
or perhaps commodity I would be interested 
and appreciate being informed of any 
decision which may be under consideration. 


Yours very truly, 
Eugene F. Reitz 
El Campo, Texas 


In reply I said: 
Dear Mr. Reitz: 

I found your letter of great interest. 

Two or three other people have responded 
to Mr. Modell’s suggestion that a group of 
people chip in to finance a cycle study 
for some particular stock, but I don’t 
believe that the aggregate amount of money 
that these people would be willing to put 
up would make a dent on a comprehensive 


Correspondence W 


Dear Mr. Dewey: 

I have seen much discussion of cycle 
analysis in your monthly Reports, and I 
wonder if your readers would be interested 
in a convenient method for obtaining 
periodograms. It is one I have used for 
some time with good results. 


New Method for Making Periodograms 


If the data be put on adding machine 
tape in a single column (a typewriter wil] 
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stock market analysis. 

I would estimate that such an analysis 
might cost as much as $25,000. 

With the number that have responded, 
this would mean about #5,000 apiece. 

If anything of this sort were to be 
done, I think your idea of making a study 
of commodity prices has a great deal of 
merit. 

In regard to the article by Mr. Nelson, 
you will be glad to know that Mr. Nelson 
has provided me with the actual dates over 
a period of years of the planetary con- 
figurations that correspond to changes in 
radio weather. I asked Mr. Nelson for 
these dates so that people such as your- 
self could compare them with dates of 
turning points in series of figures in 
which they are interested. I shall publish 
these dates just as soon as space permits. 

I fully agree with you about the de- 
sirability of studying cycles in natural 
science as distinct from social science. 
If I were a completely free agent, I would 
devote a large share of my energies to the 
study of cycles in sunspot numbers, the 
thickness of tree rings, and the thickness 
of sedimentary rock deposits. 

There are two marvelous phrases in your 
letter that should be printed in bold 
face type: “.. amateurs of great confidence 
and smal! knowledge...'’ and “..it will take 
more than the mind of one individual, 
working separately, to make any worth-while 
progress. 

I appreciate your letter and find my- 
self in complete accord with your point 
of view. 


Very cordially yours, 


ith Stephen W. Gray 


do this as well) they can be readily 
analyzed by making the following simple 
instrument. 

A book is made by stapling together as 
many sheets of ‘in my case) brown paper as 
there are cycle lengths to be tested. The 
first sheet is three inches wide and each 
subsequent sheet is one inch wider than 
the last. In the exposed edge of each 
sheet holes are punched to show certain 
figures on the tape. For example, the 
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first page has holes to show every third 
figure, the second to show every fourth 
and so forth (to every 40th term in my 
book). The tape is placed behind the page 
with the first term under the first hole. 
All of the figures showing in the punch 
holes are added without danger of getting 
out of place. The tape is then slipped up 
one term and the second set added. This is 
repeated until each set has been added. 


A Time Saver 


The method saves the writing of the 
whole set of terms in three, four, five, 
etc. columns each time, and will be a 
great time-saver where several series of 
terms are to be tested. 

I might add that I have found your re- 
ports of great interest and much use to me. 


Yours truly, 
Stephen W. Gray 


Anatomy Department, 
Emory University, 
Emory University, Georgia. 


In reply I said: 


Dear Dr. Gray: 

May I print your recent letter? 

Your scheme is very ingenious and would, 
I should think, be a tremendous time-saver 
where one can get along with periodic 
tables of an integral number of days, 
weeks, months, years, etc. The trouble is 
that such tables are nowhere nearly close 
enough to each other in wave length to be 
of much use. That is, if you had 3%-month 
waves, for example, neither a 3-month 
periodic table or a 4-month periodic table 
would reveal it. The crest would slip one 
way or the other half a cycle every line 
and would be completely washed out in s1x 
or eight cycles depending upon whether you 
were using a 3-month periodic table or a 
4-month periodic table. 

Similarly, even a 3.]1-month wave would 
completely vanish in 30 or 40 cycles. 

I suppose your book could be made to 
cover all possible lengths but as one 
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rarely needs al] lengths I wonder if it is 
not easier to make up tables in the old 
fashioned way except for a complete 
multiple harmonic analysis? But if one is 
going to make a complete harmonic analysis 
I imagine machine operation would usually 
be preferable for preliminary purposes, if 
one could get hold of a machine. 

If your book is long enough to accommo- 
date the entire adding machine strip it 
would permit you to throw out the highs 
and lows of each column so as to obtain 
the average median instead of the mean. 
This should always be done to eliminate 
accidental distortions as much as possible. 
One disadvantage in your method is that it 
does not permit the use of color in the 
periodic table. I find the use of color a 
very desirable adjunct as explained in an 
article on pages 179 and 180 of our report 
for May 1951. 

In spite of these limitations I think 
your method is very ingenious and can 
doubtless be used by many of our members 
in constructing periodic tables in those 
instances where it is applicable. 

Thank you for bringing it to my atten- 
tion. 

Cordially yours, 


Dear Mr. Dewey: 

You may certainly publish my letter of 
September 23, if you care to. 

I might add that your remarks are 
certainly justified and that if one is 
looking for fractional cycles one may 
easily lose them. In my case, I was look- 
ing for rather long cycles which probably 
showed up well enough as my data were not 
intrinsically accurate enough to worry 
about such fine points. I suppose that 
each of us invents methods for the partic- 
ular problem. 

The ‘‘ book’’ makes machine work easier 
but actually most of the time I did not 
have the use of a machine at al]! 

Perhaps I shall have a paper for you if 
I find time to work on it. 


Sincerely, 
Stephen W. Gray 


“Population Cycles and Color Phase Genetics 
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of the Colored Fox in Quebec, by I 
Butler. Reprinted from Canadian Journal of 
Zoology, 09° :24-4), February 1°51, 18 
pages, 3 tables, 6 figures, references. 
Gift of the author. 


Dr. Butler is Assistant Professor of 
Genetics at the University of Toronto. 

Dr. Butler finds nine-year cycles and 
four-year cycles existing simultaneously 
in colored fox population data. 

“The primary causes,” he says, ‘are 
not within the animal itse]f hut rather 
within the environment in which it breeds 
and raises its young. Thus a fox breeding 
south of the timberline will tend to con- 
form to the nine-year cycle but the same 
fox breeding north of the timberline will 
tend to conform to the four-year cycle. 
Migrations will correspond in cycle with 
that in the area from which they emi- 
erated.” This is a good paper. 


“Concerning Fluctuations in Populations of 
the Prolific and Widely Distributed 
Muskrat,’ by Paul L. Errington, Towa State 
College, Ames, Towa. Printed in The 
American Naturalist, Vol. LXXXV, No. 824, 
September-Octoler, 195], 20 pages, refer- 
ences. Cift of the author. 


Dr. Errington is Research Professor at 
Towa State College. 

In this interesting paper he devotes 
about eight pages to the so-called 10-year 
cycle in the al-undance of muskrat. In 
discussing this cycle Dr. Errington states: 
“,.. my feeling is that something still 
unknown may be more of a master factor 
[than drought or forest growth following 
fires] behind the ‘classically cyclic’ 
fluctuations of the species.” 

Later he says, ‘My concept of an un- 
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known factor underlying the apparent 
synchrony of ‘cyclic’ manifestations is of 
something depressing certain life pro- 
cesses. Apparently, it may be far more 
nearly a master factor in determining 
abundance of some species than of others, 
but, on the basis of the evadence in sight, 
I would suspect that anima] life generally 
may be subject to its influence, even if 
not to the extent of appreciably fluctu- 
ating in numbers. Years ago, in my gropings 
concerning possible mechanisms, ! judged 
that essentially all the manifestations J] 
had been classing as ‘cyclic’ could reflect 
overstimulation followed ky exhaustion.... 

“My interpretation of the evidence 
from the muskrats is that stress has re- 
peatedly accompanied both the attainment 
of top-heavy populations whenever occurring 
and the onset of ‘low cycle’ years, whether 
the species were particularly abundant or 
not. There still appears to be something 
about the chronological ‘cyclic low,’ that 
is, the years of late decades ending in 
sixes and/or sevens in the north-central 
region,'to cause moderate or even low 
populations to display the symptoms that 
we associate with overpopulation. 

“Despite the philosophical hazards and 
the lack of satisfaction of attempting to 
explain one unknown in terms of another. I 
do not see how we may, with scientific 
propriety, ignore the synchronies of 
symptoms that have gradually emerged from 
detailed population data.” 


“The Art and Science of Prediction,” by 
LCDR. David Williams, 9 pages. Gift af the 


author. 


Commander Williams (Consolidated Edison 
Company, New York City) offers free copies 


of this paper to members—while the supply 
lasts. 
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“Precipitation and Temperature in Washing- 
ton becr 2 ton 1951and 1952” by C. G. 
Abbot, Smithsonian Institution of Washing- 
ton, March 18, 1952, Smithsonian Miscella- 
neous Collections, Volume 117, Number 9, 
5 pages, 3 tables, 2 figures, Gift of the 
author. 


“Periodicities in the Solar-Constant 
Measures,”’ by C. G. Abbot, Smithsonian 
Institution of Washington, May 28, 1952, 
Smithsonian Miscellaneous Collections, 
Volume 117, Number 10, 31 pages, 7 tables, 
6 figures. Gift of the author. 


“Important Interferences With Normals in 
Weather Records, Associated With Sunspot 
Frequency,’’ by C. G. Abbot, Smithsonian 
Institution of Washington, May 20, 1952, 
Smithsonian Miscellaneous Collections, 
Volume 117, Number 1], 3 pages, 1 figure. 
Gift of the author. 


Pr. Abbot, as you doubtless know was 
formerly head of the Smithsonian Institu- 
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tion of Washington. 

These three papers will be reviewed in 
a future report. 

These are all important papers. Dr. 
Abbot considers No. 10 to be his magnum 
opus. 

In the meantime, I imagine that any of 
you who are interested can obtain free 
copies of any or all of these reports on 
request from the Smithsonian Institution, 
Washington, D.C. 


“Closed Season No Boon to Ruffed Grouse, ” 
by Arnold B. Erickson. Reprinted from 
Conservation Volunteer, January-February 
J9515 3 paces, «lchant, GCrLtwotaur. 
Erickson. 


Dr. Frickson, who is Game Biologist, 
Division of Game and Fish, Minnesota 
Conservation Department, shows that open 
partridge seasons during cyclic lows ap- 
pear to be harmless. See chart below: 


Michigan Department of Conservation 


Game Division 
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Summer Fellowship For A Professor 


Money is available to enable a member of the 
teaching staff of a senior college in the United 
States or abroad to study cycle analysis at 
Foundation Headquarters at Fast Brady, Pennsyl- 
vania, during the summer vacation of 1953. 

If you are interested in this opportunity, 
write to the Director, Foundation for the Study 


of Cycles, East Brady, Pennsylvania. 


